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ABSTRACT 
This paper describes the on-going and finished parts of project: “The external coupled RELAP5-DYN3D code”. 

The developmnet progress was divided into four steps. In present time, second and third steps are performed and four 
step is started. The two parameters of coolant was selected and are exchanged between codes RELAP5 and DYN3D. 

INTRODUCION 
This paper describes the on-going and finished parts of 

project: “The external coupled RELAP5-DYN3D code”. The 
connection of advanced thermohydraulic code with three 
dimensional neutron dynamic code can serve for both 
conservative and best estimate calculations. The RELAP5 
code, one of advanced thermohydraulic codes, solves 
thermohydraulic problems. The RELAP5 belongs to the 
worldwide group of thermohydraulic codes. Version of 
question was developed in SCIENTECH, Inc. (The Thermal 
Hydraulics Group, 1998). The DYN3D is three-dimensional 
dynamic code used to calculate the dynamics processes in the 
nuclear core (Grundmann, 1998). It is succesfully applied to 
conservative estimations and best estimate calculations in 
safety analyses. Both codes belong to standard in their branch. 

A few coupling codes are known in the world. They 
are generated by an external or an internal manner. The 
RELAP5 code was coupled with the PARCS code. The 
PARCS (Purdue Advanced Reactor Core Simulator) is a 
computer code that solves the time-dependent two-group 
neutron diffusion equation in three-dimensional cartesian 
geometry using nodal method. The code is dedicated to 
the analysis of reactivity initiated accidents in light water 
reactors (Downar, 1998). 

The RELAP5 was coupled also with PANTHER code 
(Delhaye, 1998). PANTHER solves the multi-group 
homogeneous neutron diffusion equations in either steady 
state or transient form using an advanced nodal method. 
Calculations can be performed in 0, 1, 2 or 3 dimensions in 
rectangular and hexagonal geometries and power distributions 
reconstructed within each channel. Both PANTHER code and 
RELAP5 code are connected via TALINK. 

The DYN3D was coupled with the thermohydraulic 
code ATHLET (Grundmann, 1996, 1998). The ATHLET 
code is advanced thermohydraulic code, developed by the 
German company “Gesselschaft für Anlagen- and 
Reaktorsicherheit”. The computer code can be applied to 
the whole spectrum of operational and transient accidents, 
small and intermediate leaks, up to large breaks of coolant 
loops at PWRs and BWRs. 

PROCESS OF THE EXTERNAL 
COUPLED RELAP5-DYN3D CODE  

The connection both computer codes is a code system 
that utilize the advantages of the DYN3D code and 
RELAP5 code as well. 

The external coupling is defined as follows: 
– the thermohydraulic data is exchanged only, 
– the dynamic code models the whole reactor core, 
– the thermohydraulic is split into two parts, 
– the thermohydraulic of reactor core is modelled by 

dynamic code, 
– the thermohydraulic of rest circuits is modelled by 

thermohydraulic code. 
The data are exchanged on inlet and outlet of the 

reactor core, which means that the dynamic code will 
obtain thermohydraulic data and those will be written into 
input file of thermohydraulic parameters of dynamic code. 
When dynamic calculation is finished, the calculated 
thermohydraulic data of dynamic code will be written into 
input file of thermohydraulic parameters of 
thermohydraulic code. This process is controlled and 
sequential. The thermohydraulic data are regarded as the 
coolant parameters. 

The coolant parameters are selected as follows: 
– mass flow rate at the bottom and at the top of a 

reactor core 
– coolant temperature at the bottom and at the top of a 

reactor core 
The operation of both computer codes will be 

controlled by the DYNREL-interface. The DYNREL 
interface controls time step of a calculation and the 
correctness of data records into thermohydraulic fields 
from the DYN3D code to the RELAP5 code and vice 
versa. In present time is generated The minimal 
adjustments will be done in the input/output moduls of 
RELAP5 code and DYN3D code. 

The project was divided into four development 
phases (Table. 1). 

The first goal was correct installation of RELAP5 
code under the operating system. The test of the installed 



 

program was done successfully. The pilot calculation of 
nuclear power plant model was performed and its 
correctness and accuracy were tested. Steady state of 
model was evaluated. 

As listed as the second and third points, the 
modification of the thermohydraulics data is being done. 
At the present time, the calculation and the modification 
of input data into RELAP5 code and DYN3D code are 
being done. In this phase of modification the values are 
set manually. The individual values of selected parameters 
are obtained from output-files (Tab. 2). The calculation in 

the RELAP5-code is stopped when all values of 
parameters are stabilized. 

Fourth, the RELDYN-code should manage the 
modification of input data into both codes and 
synchronize the time in transient processes automatically. 
In present time is generated a method of exchange of 
parameters between both codes. System is started by 
dynamic code which it is calculated stacionary state. The 
initial values are transported into thermohydraulic code. 
The thermohydraulic code calculated one step of process. 
After calculation is finnished parameters of coolant are 
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FIGURE 1.  The scheme of the exchange data 

TABLE 1.  The development phases 

N a m e  o f  p h a s e  Flag 
1. Install and test the RELAP5 code was performed 
2. Modify input data into RELAP5 code and  

DYN3D-code. is performed 

3. New tests of the modified input data for both codes is performed 
4. Program the RELDYN code - automatic exchange of input 

data between RELAP5 and DYN3D codes is started 

TABLE 2.  The selected parameters for exchange 

Code RELAP5 DYN3D 
coolant temp at output of core Tout coolant temp at input of core Tin Parameters 
 

mass flow above core  Gout mass flow below core Gin 



 

 

transported into dynamic code and the dynamic code 
calculated next step of process. 

CONCLUSION 
The progress of external coupling is continued. The 

implemantation of RELAP5-code and the first tests of 
nuclear power plant model were performed without any 
substantial difficulties. The modification of selected 
parameters is being exchanged manually. The exchanged 
parameters are not selected definitely. For this group of 
selected parameters, it is possible to adjust or upgrade 
their number. The RELDYN-code will replace manual 
manner of input data modification. In present time, both 
codes are used under operation system WinNT on PC. In 
the future, could transported into another operation system 
(e.g. LINUX – more flexible, stable and could installed 
onto PC).  
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